Background: Removing an indwelling urinary catheter as soon as possible is the cornerstone of catheter-associated urinary tract infections (CAUTI) prevention. However, implementing this measure may be challenging in clinical settings. To evaluate the impact of implementing a healthcare workers (HCWs) educational program and a daily checklist for indwelling urinary catheter indications among critical patients on the incidence of CAUTI.
Introduction
Today, healthcare-associated infections are considered a major public health problem by the World Health Organization (WHO) as they increase morbidity and mortality, length of stay in hospital, and healthcare-associated costs, causing additional suffering for affected patients and their families. [1] Urinary tract infections are among the most common healthcare-associated infections, accounting for up to 40% of all hospital infections in the United States of America (USA). [2] The most important risk factor for urinary tract infections in a hospital is the temporary use of a indwelling urinary catheter. [3] Catheter-associated urinary tract infections (CAUTI) are the most common urinary tract infections in the United States, causing approximately 13,000 death per year in that country. [4, 5] Since patients admitted to intensive care units tend to have a higher use of indwelling urinary catheters than patients admitted to general wards (83% vs 21%, in one study), they are at higher risk for developing CAUTI. [6] A large survey performed in 703 intensive care units among 50 countries from 2010 to 2015 documented a mean incidence density of 5.07 episodes of CAUTI per 1000 catheter-days. [7] In Brazil, a study performed in 2 intensive care units estimated the rate of CAUTI by 7 episodes per 1000 catheter-days. [8] However, the true impact of health-care associated infections and CAUTI remains unknown in a large part of the low-income countries in the world, [9] due to the absence or weakness of their surveillance systems, which is essential to determine the magnitude of the problem and to lead the implementation of prevention strategies. [10] Proven effective strategies include healthcare workers (HCWs) training, active surveillance of CAUTI incidence, use of appropriate technique for the insertion and the maintenance of the catheter, and especially catheter removal as soon as it is not clinically necessary. [11] One of the main obstacles in the decision regarding removal of the indwelling urinary catheter is the perception of HCWs that patients with severe conditions need to use the device. [10, 12] One way to change from perception-based to evidence-based decisions is to promote the implementation of protocols in the clinical setting, with well-defined criteria for the indications of using indwelling urinary catheters.
In the present study, we aimed to evaluate the impact of implementing a HCWs educational program and a daily checklist for indwelling urinary catheter indications among critical patients on the incidence of CAUTI. [13] 
Methods
This was a quasi-experimental study performed in a 9-beds general intensive care unit of a tertiary-care public-affiliated hospital in Southeast Brazil. The study was carried out over a 12 years period, from January 1 st , 2005 to December 31, 2016. The study protocol was approved by the Ethics Committee of the institution.
Protocol description
The protocol for insertion and maintenance of indwelling urinary catheters was developed and implemented by 2 of the authors, who also worked as an infectious diseases specialist and a registered nurse of the hospital Infection Control Service. This article reports on the protocol implementation during which we collected data on the utilization of indwelling urinary catheters and rates of CAUTI in the intensive care unit.
The protocol implementation had 4 distinct phases. In the first phase, which we call baseline (2005) (2006) , when an outbreak of CAUTI happened, the clinical team was reminded of prevention measures. This phase corresponds to the status quo prior to the protocol implementation.
A second phase, denominated biannual training (2007-2010), consisted of training of the entire clinical team every 6 months. The training was based on the guide for prevention of CAUTI from the CDC. [11, 14] The topics included: criteria for indication of use of indwelling urinary catheter which consisted of patients who: have urinary retention, bladder obstruction or coagulation problems that prevent them from having an intermittent catheter, undergone an urologic procedure or had urethra trauma. The training also included aseptic techniques for catheter insertion and measures for preventing CAUTI. [11, 14] Also, during training, the clinical team was presented with the rates of utilization of indwelling urinary catheter and the number and rate of CAUTI occurring in the past 6 months.
In the third phase, denominated checklist plus biannual training (2011-2014), the biannual training sessions continued and a daily checklist to evaluate the indication and/or maintenance of any indwelling urinary catheter was added. During daily rounds, the clinical staff reviewed the criteria for necessity of use of indwelling urinary catheter for each patient in the unit. Three days per week, the physician and nurse of the Infection Control Service reviewed the decisions with the clinical staff, and discussed any cases that did not conform to the indication criteria until and agreement on removing or keeping the indwelling urinary catheter was reached. In this phase, the addition of the checklist intended to facilitate the decisionmaking by the clinical team.
In the last phase, called checklist and initial training (2015-2016), the biannual training of the entire staff was substituted by a mandatory training to newly-hired personnel, while the daily checklist was maintained. This phase allowed us to evaluate if removal of biannual training would be detrimental to the rates of utilization of indwelling urinary catheter and CAUTI.
Outcomes and data analysis
The primary study outcome was the rate of indwelling urinary catheters utilization. The secondary study outcome was the incidence density of CAUTI over the 4 phases of the protocol implementation. The number of patient-days was calculated by the sum of all patients per day in the intensive care unit for each month. Similarly, the number of catheter-days was the sum of all patients with an indwelling urinary catheter per day during each month. The percent of catheter utilization was calculated by dividing catheter-days by patient-days and multiplied by 100. The incidence rate of CAUTI per 1000 catheter-days in a month was calculated by the number of new episodes by number of catheter-days and multiplied by 1000.
A new episode of CAUTI was defined as a urinary tract infection that occurred while the patient had an indwelling urinary catheter or within 48 hours from the catheter's removal. We used the CDC criteria for CAUTI, defined as at least 1 of the following signs or symptoms: fever (>38°C); suprapubic tenderness; costovertebral angle pain or tenderness, and a positive urine culture of ≥10 5 colony-forming units (CFU)/mL and with no >2 species of microorganisms. [14] For a comparison of the patients' severity over the different phases, we evaluated the mean score of the Acute Physiology and Chronic Health Evaluation II (APACHE II) [15] for all the patients admitted in the unit during each phase. For the time-series data, smoothing curves were calculated using lowess procedure to show the tendency of the data over time. Table 1 shows the descriptive analysis of data on indwelling urinary catheter utilization and occurrence of CAUTI. Mean scores for APACHE II were between 23 and 24 and did not vary between different study phases.
Results
We expected a period of adaptation to each of the protocol implementations, followed by the stabilization of the effect of the protocol. Therefore, for each outcome measure, we present the values calculated for the entire period and for the last 6 months of each phase, when it would be expected that the full effect of the protocol in that phase had been achieved.
The average number of patient-days per month was comparable among the 4 phases, both for the entire periods (means varying from 232 to 250 patient-days per month) and for the last 6 months of each phase (means of 230-247 patient-days per month). The number of catheter-days per month decreased along the phases, from a mean of 169 catheter-days in the baseline to 102 in the last phase. For the last 6 months of each phase, there was a decrease in mean number of catheter-days per month from 185 in the baseline to 102 in the last phase.
The percent of catheter utilization decreased from a mean of 74.6% in the baseline to 44.2% in the last phase. Figure 1 shows the percent of catheter utilization per month for all phases of the study. The percent of catheter utilization decreased consistently in both, the entire period and within each period (specially the second and third phases).
The number of CAUTI decreased substantially over the 4 phases (60 in 24 months during baseline, 64 in 48 months in the biannual training phase, 23 in 48 months in the checklist and biannual training phase, and 3 in 24 months in the checklist and initial training phase). Consequently, the incidence rates decrease during the 4 phases of the study (14.92, 7.34, 3.78, and 1.10 per 1000 catheter-days, respectively), representing a relative decrease of 50% or more from one phase to the next one. Figure 2 shows CAUTI incidence monthly rates for the entire study. The large rate variation from 1 month to another in the baseline decreased as each new infection control measure was implemented. After each new measure was implemented, there was a rapid decrease in the rate, with a subsequent leveling of the rate until the implementation of the next measure. In the last phase, a floor was reached, with most of the months presenting with no case of CAUTI, and with only 1 case per month identified in 3 months.
Discussion
HCWs training and implementation of a daily checklist for reviewing the indication of indwelling urinary catheters had a long-term positive impact on the reduction of CAUTI rates in a general intensive care unit in Southeastern Brazil. The rate decreased from 14.9 to 1.1 episodes per 1000 catheter-days from the beginning to the end of the study period. The mean APACHE II was similar in the 4 phases of the study and the type of patients and characteristics of the unit did not significantly change over the study period. Therefore, it is unlikely that those factors might have caused the observed changes and we can attribute the reduction in CAUTI to the implementation of the protocol.
Our results confirm the findings of other studies. Rosenthal et al [16] conducted the implementation of a protocol to reduce the incidence of CAUTI in 57 intensive care units in 15 countries. The protocol implemented in a single phase included education of clinical staff, active surveillance of CAUTI, and feedback on the rates of CAUTI. Before, the protocol implementation, the Table 1 Collected data, including utilization of indwelling urinary catheter and catheter-associated urinary tract infections, during each phase of the study. In a study in the Netherlands, physicians participated in educational sessions that emphasized daily re-evaluation of the need of an urinary catheter. [17] Data on catheter use and CAUTI were collected for 2 months before and 2 months after the educational intervention. There was a reduction of days using a catheter (from a median of 7 to 5 days), length of stay in the hospital (from a median of 13 to 9 days), and number of CAUTI (from 4 to 0). A study conducted in Minneapolis, USA, focused on reducing the unnecessary use of indwelling urinary catheter. [18] In the first phase of the study, the clinical teams received educational material, documented the necessity of the use of the catheter, and received feedback, leading to a reduction of percent of time with catheter from 15.2% to 9.3% during the intervention (5.5 months). However, in the period immediately after (1.2 months), without an intervention, the percentage increased again. In a second phase (27 months), with the same intervention as the first phase, the percentage reduced to 13.6%. A third phase (22.8 months) where a nurse was dedicated to evaluate the indication and need for a catheter, the percent of time with catheter reduced to 12%. During the third phase the percent of use of a catheter in a non-indicated situation reduced from 15% to 1.2%. Apparently, according to the literature, 2 characteristics may be fundamental to the success of the CAUTI prevention: the training or re-training of the clinical staff and the daily evaluation of the need for or continuation of use the urinary catheter in patients in the intensive care.
Baseline
Our study was performed in a single intensive care unit in Brazil. It would be important to study the implementation of the same protocol in other hospitals or regions to assess if this protocol could be implemented in the entire country. It would be possible that the results we observed were caused by factors other than the implementation of the protocol, such as the introduction of a new type of catheter, for example. However, there were no changes in type of patients and the only changes in procedures that occurred within the intensive care unit were the ones related to the protocol implementation. In addition, reductions in indwelling catheter use and in incidence rate of CAUTI occurred immediately after each new measure implementation and did not increase over the time of the study.
One possible limitation of our study is that we only had aggregated data for patient-days and catheter-days by month, as it is the current practice of hospital surveillance methods. In a future study, one could collect data at the individual level for the patients in intensive care units. For example, one could study the probability that a person develops CAUTI according to the individual's time using an indwelling urinary catheter, while adjusting for other factors such as age, patient severity, and presence of comorbidities, for example.
Conclusion
HCWs education and daily evaluation of indwelling urinary catheter indications were highly effective in the long-term reduction of catheter utilization rates as well as the incidence density of CAUTI among critical patients admitted to a general intensive care unit.
